Abstract. The present study aimed to investigate the fertility of ewes artificially inseminated with three different methods using a synthetic semen extender, AndroMed. The three methods of artificial insemination (AI) were cervical AI with fresh-diluted or frozen-diluted semen at observed estrus, and an intrauterine AI with frozen-thawed semen. A total of 80 ewes were treated with a controlled internal drug release (CIDR) containing 0.3 g progesterone per device for 12 days. In Experiment 1 (26 Suffolk ewes), superovulation was induced with 20 mg follicle-stimulating hormone and 250 IU equine chorionic gonadotropin (eCG) two days and one day before CIDR removal, respectively, during the nonbreeding season. In Experiment 2 (54 Suffolk and Suffolk crossbred ewes), an intramuscular injection of 500 IU eCG was administered one day before CIDR removal to synchronize estrus and ovulation during the breeding season. In Experiment 1, fresh-diluted or frozen-thawed semen was deposited into the cervical orifice after estrus detection, and an intrauterine AI with frozen-thawed semen was performed by laparoscopy at a fixed-time basis without estrus detection. Embryos were recovered by uterine flushing 6 days after AI, and the rates of recovered, fertilized (cleaved) ova and embryos at the morula or blastocyst stage were compared among the three AI methods. In Experiment 2, the pregnancy rates after the three AI methods were compared. In Experiment 1, the rates of recovered ova were not significantly different among the three AI methods (52.5-56.7%). The rate of fertilized ova (81.0%) by laparoscopic AI with frozen-thawed semen was significantly higher compared with cervical AI of fresh-diluted (25.5%) or frozenthawed (3.5%) semen, but the rate of embryos at the morula or blastocyst stage (17.6%) was significantly lower than that of the cervical AI with fresh-diluted semen (69.2%). The rates of ewes yielding fertilized ova were not significantly different among the three groups (44.4, 11.1 and 62.5% for cervical AI with fresh-diluted and frozen-thawed semen and intrauterine AI with frozen-thawed semen). In Experiment 2, the pregnancy rate of ewes intrauterinally inseminated with frozen-thawed semen (72.2%) was significantly higher than those of ewes inseminated cervically with freshdiluted (5.5%) or frozen-thawed (0.0%) semen. The present results showed that acceptable fertilization and pregnancy rates could be obtained by an intrauterine AI with frozen-thawed semen using a synthetic semen extender (AndroMed), but not sufficient by the cervical AI with either fresh or frozen semen. Key words: Artificial insemination (AI), Fertility, Semen extender, Sheep (J. Reprod. Dev. 55: [50][51][52][53][54] 2009) n artificial insemination (AI) of farm animals including sheep, egg yolk or milk based semen extender have been widely utilized for semen cryopreservation [1] [2] [3] . Our pervious studies [4, 5] reported that bovine serum albumin (BSA) could be used instead of egg yolk as a semen extender. However, egg yolk and BSA are of animal origins. Semen extender of animal origin may pose the risk of infectious disease from viruses or bacteria. Furthermore, there has been movement recently towards trying to remove all animal ingredients, including egg yolk, milk or even BSA, in development of a defined semen extender. Therefore, development of a synthetic semen extender free of animal-derived components has been desired. A soybean lecithin-based extender (AndroMed; Minitüb, Tiefenbach, Germany) has been developed and utilized for bovine [6] [7] [8] and mountain gazelle semen [9] . Fresh and frozen ram semen diluted with AndroMed have been inseminated with satisfactory fertility results in Norway (Paulenz H.; personal communication). Recently, Fukui et. al. [10] used AndroMed extender for frozen-thawed ram semen, and obtained similar lambing rates (57 and 65%) after a fixed-time intrauterine AI compared with a conventional egg yolk-containing extender.
(J. Reprod. Dev. 55: 50-54, 2009) n artificial insemination (AI) of farm animals including sheep, egg yolk or milk based semen extender have been widely utilized for semen cryopreservation [1] [2] [3] . Our pervious studies [4, 5] reported that bovine serum albumin (BSA) could be used instead of egg yolk as a semen extender. However, egg yolk and BSA are of animal origins. Semen extender of animal origin may pose the risk of infectious disease from viruses or bacteria. Furthermore, there has been movement recently towards trying to remove all animal ingredients, including egg yolk, milk or even BSA, in development of a defined semen extender. Therefore, development of a synthetic semen extender free of animal-derived components has been desired. A soybean lecithin-based extender (AndroMed; Minitüb, Tiefenbach, Germany) has been developed and utilized for bovine [6] [7] [8] and mountain gazelle semen [9] . Fresh and frozen ram semen diluted with AndroMed have been inseminated with satisfactory fertility results in Norway (Paulenz H.; personal communication) . Recently, Fukui et. al. [10] used AndroMed extender for frozen-thawed ram semen, and obtained similar lambing rates (57 and 65%) after a fixed-time intrauterine AI compared with a conventional egg yolk-containing extender.
The morphological complexity of the cervix of the sheep has limited advance of the insemination pipette toward the uterus via which semen is deposited in the entrance of the cervix or deep vagina in most cases [11] [12] [13] . In paticular, ram sperm are more sensitive to freezing than gametes from other mammalian species, and because of the reduced motility of frozen-thawed ram sperm, the source of sperm used for cervical AI is restricted to fresh semen, whereas frozen-thawed semen can be used only for intrauterine insemination [14] . The nature of the cervical morphology of the ewe causes a low fertility (20-30%) in ewes inseminated with frozen semen into the cervical orifice, an ordinal deposition site in the sheep, and AI has not been fully applied in the field, except the intrauterine AI using laparoscopy (60-80% lambing rates) [5, [15] [16] [17] [18] In Norway, Paulenz et al. [19, 20] inseminated frozen ram semen into either the cervical orifice or deep vagina and obtained a 70% lambing rate. However, satisfactory fertility with frozenthawed ram semen deposited into the cervical orifice or vagina has not been reported in other countries. Cervical AI with frozenthawed ram semen should be developed further along with improved semen extenders [21, 22] .
The present study using a synthetic semen extender, AndroMed, was conducted to compare the fertilization and pregnancy rates among three AI methods, cervical AI with fresh-diluted and frozenthawed semen at estrus detection and an intrauterine AI using laparoscopy with frozen-thawed semen on a fixed-time basis.
Materials and Methods
The present study was approved by the Animal Experimental Committee of Obihiro University of Agriculture and Veterinary Medicine, in accordance with the Guiding Principles for the Care and Use of Research Animals.
Animal and treatment
A total of 80 Suffolk and Suffolk-crossed ewes were used in this study during the non-breeding (June to July 2007: Experiment 1; 26 Suffolk ewes) and breeding seasons (September 2007: Experiment 2; 54 Suffolk and Suffolk crossbred ewes). The ewes were treated with a controlled internal drug release (CIDR-G; Inter Ag, Te Rapa Road, Hamilton, New Zealand) containing 0.3 g progesterone per device for 12 days. In Experiment 1, superovulation was induced with administration of 20 mg porcine follicle-stimulating hormone (FSH, Antrin; Kawasaki-Mitaka Pharmaceutical, Kanagawa, Japan) 2 days before CIDR removal, administration of 250 IU equine chorionic gonadotropin (eCG, Serotropin; Teikoku-zoki, Tokyo, Japan) one day before CIDR removal and injection of 100 μg gonadotropin releasing hormone (GnRH, Conceral; Takeda Chemical Industries, Osaka, Japan) at estrus detection or 24 h after CIDR removal [23] [24] [25] [26] . In Experiment 2, estrus and ovulation were synchronized with 500 IU eCG one day before CIDR removal.
Artificial insemination (AI)
Semen was collected from a 4-year-old Suffolk ram (Experiment 1) and a 3-year-old Suffolk ram (Experiment 2) using an artificial vagina and was diluted 10 to 15 folds in a water bath (30 C) to produce a sperm concentration of 250 × 10 6 /ml. The semen extender used was AndroMed (Minitüb). The diluted semen was gradually cooled to 4 C for 1-2 h. The cooled semen was frozen in 0.5 ml straws according to the methods described previously [4] . In brief, the semen samples were packed in straws and kept 4 C before freezing. Some straws were stocked 4 C until AI (fresh-diluted semen). The other straws were exposed to liquid nitrogen (LN2) vapor (-125 to -130 C) for 3-4 min, plunged into LN2 (-196 C), and stored in LN2 until AI. Before AI, the frozen straws were thawed at 37 C and the post-thaw motility of the spermatozoa in each straw was evaluated. The straws with a percentage of motile spermatozoa of approximately 50% were used for AI.
For Experiments 1 and 2, 26 and 54 ewes, respectively, were divided into the three different AI methods. The first AI method was the cervical AI once with fresh-diluted semen at observed estrus. Estrus detection was performed at 8-h intervals (three times per day) using rams fitted with marking harnesses, and crayons and aprons to avoid natural copulation. The second AI method was cervical AI twice with frozen-thawed semen at observed estrus. The third AI method was a fixed-time intrauterine insemination by laparoscopy at 32-36 h (Experiment 1) and 40-43 h (Experiment 2) after removal of the CIDR without estrus detection. The semen doses were 0.4 ml for cervical AI with fresh-diluted (100 × 10 6 ) or frozen-thawed semen (200 × 10 6 ) and 0.2 ml (50 × 10 6 ) for intrauterine AI with frozen-thawed semen using an insemination pipette (No. 20887; I.M.V., Rue Clémenceau, France) with the aid of laparoscopy [5, [15] [16] [17] [18] .
In Experiment 2, pregnancy was diagnosed 60 days after AI by a real-time ultrasonic scanning method.
Embryo recovery
In Experiment 1, on Day 6 (Day 0=AI) after AI, the ewes were administered with 1 ml of atropine sulfate injection solution (Tanabe Chemical, Osaka, Japan) and 0.5 ml of celactal injection solution (Bayer Health Care, Tokyo, Japan), and laparotomy was carried out under local anaesthesia administered with 2% xylocaine. To record ovulation rates, both ovaries were examined for the number of newly formed corpora lutea. Both uteri were flushed to recover embryos using a two-way balloon catheter (Kosan, Tokyo, Japan). The flushing medium used was 30-40 ml per head of modified phosphate-buffered saline (m-PBS; Embryotec, Nippon-Zenyaku Kougyo, Kohriyama, Japan). The recovered ova were examined by stereo-microscopy, and the rate of recovered ova was expressed relative to the total number of ovulations. The numbers of cleaved ova (2-16 cells) and morula or blastocyst stage embryos relative to the number of recovered ova was expressed as the fertilization rate, and the number of embryos at the morula or blastocyst stage relative to the number of fertilized ova was also recorded. Furthermore, the number of ewes yielding fertilized ova relative to the number of inseminated ewes was expressed as the pregnancy rate.
Statistical analysis
Fertilization rate (number of cleaved ova / number of recovered ova), number of embryos at the morula or blastocyst stage relative to the number of fertilized ova and pregnancy rates (number of ewes yielding fertilized ova / number of inseminated ewes, Experiment 1; number of pregnant ewes / number of inseminated ewes, Experiment 2) were analyzed using the chi-square test. A value of P<0.05 was chosen as an indication of significance. In Experiment 1, the mean ovulations per ewe among the three groups were analyzed by ANOVA.
Results

Experiment 1
As shown in Table 1 , the mean ovulations after superovulation treatment were not significantly different among the three groups of AI methods, although the group of intrauterine AI with frozen semen produced the lowest mean number of ovulation (6.1 ± 1.61).
The rates of recovered ova were also not significantly different among the three AI groups (52.5 to 56.7%). The fertilization rates of cervical AI with fresh-diluted and frozen-thawed semen were 25.5 and 3.5%, respectively, and that of intrauterine AI with frozen-thawed semen was 81.0%. There were significant differences (P<0.05) in the fertilization rates among the three AI methods. The fertilization rate of laparoscopic AI with frozen-thawed semen (81.0%) was significantly higher (P<0.05) than those of the cervical AI with fresh-diluted (25.5%) and frozen-thawed semen (3.5%), and the fertilization rate of cervical AI with frozen-thawed semen was significantly (P<0.05) lower than those of the other methods. The rates of embryos at the morula or blastocyst stage relative to the number of fertilized ova were 69.2, 0.0 and 17.6%, respectively, for the three AI groups. The rate of morula or blastocyst stage embryos was significantly (P<0.05) higher for cervical AI with fresh-diluted semen than for cervical and laparoscopic AI with frozen-thawed semen.
The pregnancy rates were not significantly different among the three AI groups (44.4, 11.1 and 62.5% for the cervical AI with fresh-diluted, cervical AI with frozen-thawed semen, and laparoscopic AI with frozen-thawed semen, respectively).
Experiment 2
As shown in Table 2 , the pregnancy rates of ewes inseminated cervically with fresh-diluted semen or frozen-thawed semen were 5.5 and 0.0%, respectively, whereas the pregnancy rate of ewes inseminated intrauterinally with frozen-thawed semen was 72.2%. The pregnancy rate of ewes inseminated by laparoscopic AI with frozen-thawed semen was significantly (P<0.05) higher than ewes inseminated cervically with fresh-diluted or frozen-thawed semen.
Discussion
The present study attempted to compare fertilization and pregnancy rates following three AI methods using a synthetic semen extender, AndroMed. AndroMed was developed for bovine semen cryopreservation [6] [7] [8] and has been applied to other animal species including mountain gazelle [8] and sheep [10] . Fresh and frozen semen diluted with AndroMed have been inseminated with satisfactory fertility results in Norway (Paulenz H: personal communication). Anel et al. [22] reported that the soybean lecithin in AndroMed contains a high content of egg yolk-like phospholipid. From the perspective of reducing of hygienic risks from egg yolkcontaining semen extenders, a synthetic semen extender, such as AndroMed or Biociphos Plus [27] , would be a better choice as they contain no components of animal origin.
The fertility of ewes following AI can be influenced by several factors, such as ewe breed, season and age. In paticular, ewe breed is one of the main factors relating to satisfactory fertility. In Norway, Norwegian ewes are highly selected for AI, and these ewes exhibit long estrous periods and strong estrus behavior. Our previous study [26] compared the ovulation rates of Suffolk, Merino × Polled Dorset and South-Down ewes and found that the Suffolk breed had a lower ovulation rate than the other breeds of ewes. In the present study using Suffolk ewes, the superovulation rates were similar among the groups, and the rates of fertilized ova were higher than those in our previous study [26] . Fertility can be also influenced by seasons, that is, breeding and non-breeding seasons. Watanabe et al. [25] showed that ewes induced into estrus during the non-breeding season exhibited lower rates of ovulation and fertilization in ova recovered from their uteri after AI than ewes with 1 Relative to the number of total ovulations. 2 Relative to the number of recovered ova. 3 Number of embryos at the morula (M) or blastocyst (BL) stage relative to the number of fertilized ova. 4 Relative to the number of inseminated ewes. *Ewes with regressed corpora lutea were removed. a,b,c Values with different superscripts are significantly different (P<0.05). estrus synchronized during the breeding season [25] . The superovulation treatment in the present study was carried out during the non-breeding season (June to July), and this may have affected the ovulation and fertilization rates in the Suffolk ewes.
Olesen [28] and Paulenz et al. [19, 20] inseminated frozen ram semen into either the cervical orifice or deep vagina and obtained high fertility results (58 and 72% lambing rates). However, satisfactory fertility with frozen-thawed ram semen deposited into the cervical orifice or vagina has not been reported in other countries. Our recent study [10] using AndroMed showed a similar lambing rate (57%) compared with that using an egg yolk-containing extender (65%) when frozen-thawed semen was inseminated into the uterus without estrus detection during the non-breeding season. Therefore, investigation of fertility by the conventional cervical AI method using fresh-diluted or frozen-thawed semen with AndroMed semen extender is worthwhile. However, in the present study using AndroMed, cervical AI with fresh-diluted or frozenthawed semen resulted in low fertilization (Experiment 1) and pregnancy (Experiment 2) rates. The main reason for the difference in the results of Paulenz et al. [19, 20] and the present study would seem to be the fact that Norwegian ewes exhibit long and strong estrus behavior compared with Suffolk ewes (Paulenz H.; personal communication). Although cervical AI with fresh-diluted semen in the present study was performed only once with 100 × 10 6 sperm per ewe, a double AI with a higher sperm concentration, especially with frozen-thawed semen during detected estrus, might be necessary to achieve a large number of spermatozoa to penetrate the cervical canal smoothly and to reach the oviductal ampulla, the site of fertilization.
In Experiment 1, ewes that showed estrus up to 32 h after CIDR removal were assigned to cervical AI with fresh-diluted or frozenthawed semen, because the ewes used for intrauterine AI were inseminated on a fixed-time basis (32-36 h after CIDR removal). Therefore, a significantly higher proportion (81.0%) of fertilized ova was obtained from the ewes intrauterinally inseminated, but the stage of embryo development was mainly 8-to 16-cells, and the rate of morula or blastocyst stage embryos was significantly lower (17.6%) compared with that (69.2%) of ewes cervically inseminated with fresh-diluted semen. However, the rate of ewes yielding fertilized ova (62.5%) was not significantly different from that (44.4%) of the ewes inseminated with fresh-diluted semen into the cervix.
In conclusion, the present AI trials using a synthetic semen extender, AndroMed, showed promising results for the fertilization and pregnancy rates of Suffolk and Suffolk crossbred ewes after an intrauterine AI on a fixed-time basis. However, the present cervical AI methods with fresh-diluted or frozen-thawed semen using AndroMed should be reconsidered before application in the field.
